Ptyctodontid fishes (Vertebrata, Placodermi) 
from the Late Devonian Gogo Formation, 
Western Australia, with a revision of the 
European genus Ctenurella 0 rvig, 1960 


John A. LONG 

Department of Earth and Planetary Sciences, The Western Australian Museum, 
Francis Street, Perth, Western Australia, 6000 (Australia) 


Long J. A. 1997. — Ptyctodontid fishes (Vertebrata, Placodermi) from the Late Devonian 
Gogo Formation, Western Australia, with a revision of the European genus Ctenurella 
Orvig, 1960. Geodiversitas 19 (3): 515-555. 


KEYWORDS 
Ptyctodontida, 
Devonian, 
Placodermi. 
Gogo, 
Australia, 
Austroptyctodus n.g„ 
Ctenurella, 
Chelyopborus. 


ABSTRACT 

A new, almost complete specimen of the ptyctodontid placoderm 
Catnpbellodus decipiem Miles ct Young, 1977 enables description of the skull 
roof, trunk shield, visceral skeleton, pelvic girdle, dermal scale cover, and 
parts of the vertebral column. A new reconstruction of the head shield of 
Ctenurella gladbachensis CTrvig, I960 from Bergisch-Gladbach permits this 
taxon to be generically defined from the Gogo species previously referred to 
that genus. The Gogo form is here referred to Austroptyctodus n.g. A new spe¬ 
cimen of Austroptyctodus gardineri Miles rt Young, 1977, together with new 
observations of Chelyopborus vermuili Agassiz, 1844 and Ctenurella glndbti- 
cbensis 0rvig, I960, shows new information for the endocranium, the hyoid 
arch and visceral skeleton, identifying the previously identified “metaptery¬ 
goid” elements as paired nasal bones. The large visceral skeleton bone poste¬ 
rior to the jaw joint in ptyctodontids is here identified as an elongated 
interhyal. 
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RESUME 

Une nouvellc description du toit cranicn, dc la cuirasse thoracique, du sque- 
lette visceral, de la ceinture pelvienne, de l'ecaillure et de quclques elements 
de la colonne vertebrale est proposed a partir d’un nouveau specimen sub- 
complet du ptvetodonre Catnpbellodus decipiem Miles ft Young, 1977, Une 
nouvelle reconstitution du toit cranien de Ctenurella gladbachensis 0rvig, 
1960 (Frasnien de Bergish-Gladbach, Allemagne) periuct de reddfinir le 
genre Ctenurella, en y incluant les formes de Gogo qui y sont rapport£es. Un 
nouveau genre Austroptyctodus, est crce. A pattir du maietic! qui ddfinit 
Austroptyctodus gardineri, espece-type du genre, ct d’une revision dc 
Chelyopborus verneuUli Agassiz, 1844 et de Ctenurella ga/dbachemis , dc noil- 
vellcs informations sur l’endocrane, J’arc hyoi'de et le squelette visceral des 
pryctodontes sont fournies, Ainsi le « mdtapterygo'fde >' est interprere comme 
des os nasaux pairs, de rmime I’os du squelette visceral sirue en arriere de 
Farticulation dc la mandibnlc serait un interhyal de forme allongee. 
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INTRODUCTION 

The ptyctodontid placoderms have for many 
years been a problematic and poorly-known 
group of extinct fishes. Early workers identified 
ptyctodontids only from their characteristic tooth 
plates and thus allied them to the holocephalans 
(Pander 1858; Woodward 1891), although when 
the exoskeletal trunk armour was described by 
Jaekel (1907) he compared it favourably with the 
sturgeon Aeipenser, an osteichthyan fish. Roth 
Dollo (1907) and Goodrich (1909) rejected this 
view and argued that they were placoderm fishes. 
Watson (1934) described more Complete material 
of a new form he called Rhampbodopsis and fur¬ 
ther characterised them as placoderm fishes, and 
this vtew was strengthened by further discoveries 
of well-preserved specimens (Watson 1938), 
Major discoveries of complete. Well-preserved 
ptyctodontids from the Bergiscb-Gladbach region 
of Germany described by 0rvig (1960, 1962, 
1971, 19S0) led him to revive the earlier hypo¬ 
thesis of a holoccphalan affinity between ptycto¬ 
dontids and holocephalans, proposing them to be 
ancestral to the holocephalans, an opinion follo¬ 
wed by Sten.sio (1963, 1969) and Jarvik (1980). 
However, many researchers working with placo¬ 
derm fishes or chondrichthyans opposed this 
view, regarding ptyctodontids as placoderm fishes 
(e.g. Patterson 1965; Stahl 1967; Miles 1967; 
Miles &c Young 1977; Denison 1978; Forey & 
Gardiner 1986; Young 1986). Today this view is 
widely held, and the placoderm affinity of ptycto¬ 
dontids has been borne our by several recent 
computer analyses of placoderm interrelation¬ 
ships (e.g. Forey & Gardiner 1986; Carr 1991, 
1995; Goujet & Young 1995). 

The problematic position of the group within 
the Placodermi has been raised. They have been 
proposed as a primitive sister group to other pla¬ 
coderms (Miles & Young 1977: Young 1980), as 
a primitive group mure derived than acantho- 
thoracids plus rhenanids, but plesiomorphic to 
all other placoderms (Forey 8c Gardiner 1986), 
or as a sister taxon to the petaliduhyids (Goujet 
1984; Goujet Sc Young 1995; Carr 1995). 

Most of the known ptyctodontid taxa (some 
forty-seven species, Carr 1995, amended) are 
based solely on tooth-plates (Denison 1978), 


although the following species have been descri¬ 
bed from relatively complete, well-preserved 
material of head and trunk armour: Ctenurella 
gladbachensis (0rvig i960, 1971), Austro- 
ptyctodm gardineri n.g. (Miles & Young 1977, 
here erecred as a new genus), Rharnphodopsis 
threiplandi and R. trisphtatus (Watson 1934, 
1938; Miles 1967), Rbynchodus tetrodon 
(Newberry 1 873; Jaekel 1903; Gross 1933; 
Stensib 1959 ; Miles 1967), Chelyopharus ver- 
ntteili (Agassiz 1844; Eichwald 1859; Obrucheva 
1983), and Ptyctodopsis menzeli (Denison 1985). 
Recent new discoveries of other relatively com¬ 
plete ptyctodontids have been made in 
North America from the Frasman Mt. Eldcn site 
in Arizona (Johnson Sc Elliott, in press) and 
from the Pinieon Range Formation, Iowa 
(Dickerson 1993; work in prep.). 

The superb three-dimensionally preserved mate¬ 
rial of ptyctodontids from the Frasnian Gogo 
Formation of Western Australia has provided the 
most detailed knowledge of the group to dare. 
Miles & Young (1977) described several speci¬ 
mens of a new species they assigned to the genus 
Ctenurella 0rvig, I960. Two incomplete speci¬ 
mens were placed in the new genus and species, 
Campbellodtts decipiens. Further observations on 
the structure of the Gogo u Ctenurella " were descri¬ 
bed by Gardiner (1984a) and Forey Sc Gardiner 
(1986). New finds of Gogo fishes made during 
expeditions in 1986-1989 by the author include 
many new arthrodires (Long 1987,1988a, 1988b, 
1990b, 1994a, 1995b) as well as two nearly com¬ 
plete, articulated specimens of ptyctodontids, 
which belong to the previously described taxa. 

The aim of this paper was originally to describe 
this new material of the Gogo ptyctodontids in 
detail, by comparison with other specimens of 
ptyctodontids, made available for the author to 
study at the Museum national d’Histoire natu- 
relle. The well-preserved nature of the Gogo spe¬ 
cimens has permitted new further interpretations 
of the structure of these other taxa. Comparisons 
with the Berglsch-Gladbach Ctenurella indicated 
that its skull roof and visceral skeleton could be 
reinterpreted. It soon became apparent that this 
species differs in several major features from the 
Gogo species, and thus a new genus, Austro- 
ptyctodus n.g., is here erected for the Gogo species. 
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DERMAL BONE TERMINOLOGY 
IN PTYCTODONTIDS 

The central median hone that bears the X-sha- 
ped confluence of the two main dorsal 
sensory-line canals has been previously called the 
centro-nuchal (Orvig I960), the centio-median 
(Miles 1967), the nuchal ( e.g , Miles & Young 
1977; Long 1988a) or the postpineal (Denison 
1978, 198 5; Johnson & Elliott 1996). 
Confusion over the name of this bone has arisen, 
largely due to the supposed presence of a small 
posterior median element in RhamphodopsU 
which was termed the nuchal. Examination of 
specimens of Rtunnphndnpsh thrciplandi in the 
collections of the Natural History Museum, 
London, and in the Field Museum, Chicago, 
shows that the posterior nuchal element is not 
present in this genus, but was misinterpreted by 
Watson due to the crushed and fractured nature 
of the Edderton specimens. The area of exposed 
bone immediately behind the paired central 
plates is most likely the crushed occipital ossifica¬ 
tions of the braincase, as this region lacks any 
trace of dermal ornamentation on the Edderton 
specimens. 

In other piacoderm groups that have the supraor¬ 
bital sensory line canals as well as posterior pit- 
line canals converging mesially onto one median 
bone, as in ptyctodontids, this bone is generally 
identified as the nuchal, especially so when it 
extends all the way to the posterior margin of the 
skull roof ( e.g. as in petalichthyids; Woodward 
1941; Gross 1963; Young 1985; Liu 1992). This 
condition is also seen in the primitive arthrodire- 
like form Wuttagootiaspis (Ritchie 1973) and in 
phylloicpids, where the nuchal plate is broad 
rather than elongate, bur still bears the confluen¬ 
ce of several sensory-line canals (Long 1984b). In 
many primitive arthrodires this bone has a simi¬ 
lar elongate shape and also has similar contact 
relationships with neighbouring paranuchal, cen¬ 
tral, and postorbital ot preorbital hones, 
although the convergence of the sensory-line 
canals is lacking. 

Thus the median canal-bearing bone in ptycto- 
dontids is interpreted here as homologous to the 
nuchal of other primitive placoderms, rather 
then a postpineal as this element, where present 


in some piacoderm groups, is always a median 
bone lacking sensory-line canals {e.g. as in an- 
tiarchs, Denison 1978), or maybe represented by 
a series of irregularly-shaped anamestic bones (as 
in the rhenanid Asterostcus , Stcnsio 1969, fig 92). 
For the other bones jn the head shield and cheek 
of ptyctodontids, papers published since Miles 8£ 
Young (1977) use a consistant terminology. 
However, the large paired ventral bones in the 
rrunk shield that have been called either the 
anterior vcnrrolaterals (Gross 1933; Miles 1967) 
or the intcrolatcrals (Watson 1938; Denison 
1978, 1985) require discussion. 0rvtg (i960) 
regarded rhenr as a combination of both ele¬ 
ments and termed them the interolateral-anterior 
ventrolarerals The anterior ventrolateral plates in 
primitive placoderms, such as petalichthyids 
(Luvaspis , Gross 1961), early arthrodires (actino- 
lepids, phlycraenaspids, Goujet 1984b), phyllole- 
pids (Long 1984b) and Wuttagoonasph (Ritchie 
1973) are named so because there is also a poste¬ 
rior ventrolateral plate present posterior to them, 
All of these forms also bear paired interolateral 
plates forming the anterior ventral margin of the 
shield and meeting the spinal plates dorsally, and 
in all cases having an expanded anteriorly-facing 
postbranchial lamina with rows of triangular 
tubercles. In acanthothoracids (e.g. Romuudina , 
0rvig 1975) and rhenanids (e.g. Jagorina, 
Stensifl 1969) there is only one pair of large ven¬ 
tral plates and these also form the anterior mar¬ 
gin of the ventral lamina of the trunk shield and 
have a postbranchial lamina which in life presum¬ 
ably formed the posterior wall of the branchial 
chamber. However, it is known that the position 
of the scapulocoracoid in arthrodires generally 
sits between the anterior lateral, the spinal and 
the anterior ventrolateral plates (and also be¬ 
tween the interolateral in Dicksonosteus, Goujct 
1984b). Similarly, in antiarehs, it lies within the 
bounds ol the anterior ventrolaterals, even 
though only remnants of it have been found in 
primitive forms (e.g. Procondylolepis, Young & 
Zhang 1992). Thus its condition in ptyctodon¬ 
tids would imply that the interolateral has expan¬ 
ded vent rally to include the scapulocoracoid, or 
that it has indeed fused with the anterior ventro¬ 
lateral to be a compound bone (as suggested by 
0rvig I960, also Stensio 1959). The idenrifi- 
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cation of the bones in ptyctodonrids comes 
down to the overall shape in that they are narrow 
bones withour posteriorly mended ventral lami¬ 
nae, bordering, in the trunk shield, the anterior 
ventral margin of the trunk and contacting the 
spinal plate dorsally, and the fact that they bear 
the well-developed postbranchial lamina with 
rows of triangular tubercles, a feature never 
found in any placoderm anterior ventrolateral 
plate (because interolarerals are also present in 
the same armour). Thns ic is here suggested rhat 
they represent interolareral plates, This hypothe¬ 
sis implies that the ptyctodontid trunk shield is 
more specialised than those of other placoderms 
in the secondary loss of both anterior and poste¬ 
rior ventrolaterals. In this respect they could par- 
rallel the evolution of phyliolepids, now regarded 
as derived arthrodircs in the loss of posterior dor¬ 
solateral plates and che fusion of upper jaw ele¬ 
ments (based on materials of a new phyllo-lepid 
from New South Wales under study by 
Dr. A. Ritchie, pers comm. 1995). 

MATERIALS AND METHODS 

The pryctodontids from Gogo were prepared by 
the standard acetic acid technique using about 
5-10% concentration, strengthened with dilute 
B30 Mowital in acetone solution (from 
Hoescht). The delicate nature of the Austroptyc- 
todus specimen called for epoxy resin transfer 
preparation. Before embedding rhe specimen in 
resin, a latex peel of rhe exposed Surface derail 
was made. All photographs are of specimens whi¬ 
tened with ammonium chloride, except for the 
Bergisch Gladbach specimens which were photo¬ 
graphed under alcohol. 

The new Gogo specimens were compared with 
the following ptyctodontid material. These 
results will form the basis of a future revision of 
the Euramerican ptyctodontids: 

— Austroptyctodus gdrdineri n.g. (Miles et Young, 
1977). All specimens held in the Natural History 
Museum, London. Upper Devonian (Frasnian), 
Gogo Formation, Western Australia. 

- Chelyuphorm vtrncuili Agassiz, 1844. Original 
Agassiz collection held in the Palaeontological 
collections of the Museum national d’Histoire 


naturelle, Paris. Upper Devonian (Fammenian), 
Dankov-Lebedyan beds, LfSSR. 

— Ctenure Ha gladbachensis 0rvig> I960. Five 
nearly complete well-preserved specimens held in 
the Palaeontological collections of the Museum 
national d’Hisroire naturelle, Paris; other speci¬ 
mens in the Natural History Museum, London. 
Middle-Upper Devonian (Upper Givetain/Lower 
Frasnian), Oberer Plattenkalk, Germany. 

— Ptyctodopsis menzelli Denison, I 9S5. Type spe¬ 
cimen held (on display) in lhe County Museum, 
Iowa Ciiy, Iowa; additional specimens held in 
the Geology Department collection, University 
of Iowa, Iowa City. Middle Devonian (Upper 
Givetian), Cedar Valley Limestone, USA. 

— Rbamphodopsis threiplandi Watson, 1934. 
Specimens in the Field Museum, Chicago and in 
the Natural History Museum, London, Middle 
Devonian (Eifelian), Middle Old Red Sandstone, 
UK. 

— Rhynchodus tetrodon. Cast of the holorype held 
in die Natural History Museum. London. Upper 
Devonian (Frasnian), Kelhvasserkalk, Germany. 

— Specimens of an undeScribed new genus of 
ptyctodontid from the Spring Grove Member 
(Givetian), northern Illinois, held by the 
Geolog)' Department, Augustana College, Rock 
Island, Illinois. 

— Specimens of an undescribed new genus of 
ptyctodontid from the Gneudna Formation 
(Upper Givetian-I.ower Frasnian), Western 
Australia, collected by the author and 
K. Trinajsric in 1995. 

All specimens described or cited in this paper are 
reposited in the palaeontology collections of the 
following institutions as denoted by these abbre¬ 
viations - 

MNHN Museum national d’Histoire naturelle, 

Paris; 

NHM Natural History Museum, London; 

WAM Western Australian Museum, Perth, 

Western Australia. 

SYSTEMATIC DESCRIPTIONS 

Genus Carnpbellodus Miles et Young, 1977 

Type SPECIES. — Carnpbellodus decipiens Miles et 
Young, 1977. 
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Amended diagnosis. — A moderately large ptycto- 
doiuid having a Ptyetodus-\Ace crushing dentition wirh 
high dorsal process on the upper toothplate; head 
shield having a breadth/length rario of 90, rhe nuchal 
is subrectangular, almost as broad as long and partici¬ 
pates in the posterior margin of the skull-roof, exclu¬ 
ding the centrals from mesial contact; submargin-al 
plate is much deeper posteriorly than anteriorly. 
Trunk shield with three median dorsal bones, the 
dorsalinost being a broad, flat spine. Spinal plate very 
small; anterior median ventral plate more titan twice 
as broad as long. Tail covered with large overlapping 
scales. 

Campbellodus decipiem Miles et Young, 1977 

Campbellodus decipiem Miles et Young, 1977; 
145-155, figs S-14. pis 1, 2A, B, 4A. — Denison 1978: 
28. - Long 1987a: 203; 1988a: 443-4, fig. 7; 1988c: 
141.143,144, fig. 2B; 1991: 366, 367, fig. 20H; 
1995a: 108-110. 

Ptyctodus sp. Gardiner et Miles, 1975. 

"rooth-plates resembling those of Rhynchodus° 
(Rrunton, Miles & Rolfe 1969) 

"tonth-plates which recall those of Ptyctodus" (Miles 

1971) 

Holotype, — WAM 70.4.252. This number is not 
published in the Miles & Young (1977) as rhe speci¬ 
men had then been allocated by the provisional 
British Museum of Natural History number P50905. 

Other material. — NHM P50907, comprising the 
left spinal plate, left upper toothplate, incomplete left 
interolateral plate, partial dorsal .spine, a dermal scale 
and parts ol perichondral ossifications of the endocra- 
nium (Miles & Young 1977). WAM 86.9.672, an 
almost complete individual, shows the head shield 
mostly complete, missing only part of the posterior 
margin on the right side and a small part of the left 
posterior margin. It shows well the three-dimensional 
form of the entire articulated trunk shield, the pelvic 
girdle and endogirdlc, body scales and axial skeletal 
elements. WAM 95.6.112 shows die left upper and 
lower tooth plates, mirror opposites to those seen in 
the holotype. 

REMARKS. — The new material is regarded as cogene¬ 
ric with the holotype as rhe dorsal spine is of the same 
broad based shape with similar ornamenration, and 
the isolared preorbiral, postorbital and subinarginals 
ol the Holotype arc all of similar shape and identical 
proportions in WAM 86.9.672. This genus has been 
redefined in the light of nearly complete material of 
the dermal armour, axial skeleton and squamation. 
Long (1988a) figured a reconstruction of the dermal 
armour, and commented briefly on its overall mor¬ 
phology, bur it is only wirhin the framework of stu¬ 


dying the other Gogo ptyctodontid with the compara¬ 
tive material of other European genera rhat the com- 
lere description, and new reconstruction provided 
ere, could he underraken. 

Description 
Head shield 

The exceptional preservation of WAM 86.9.672 
(Figs 1A-C, 2) has enabled the head shield of 
Campbellodus to be restored in its natural three- 
dimensional form. This is unique for ptyctodon-, 
tids in which resrorarions usually show the bead 
shield flattened in dorsal aspect, the one excep¬ 
tion being Ptyctodopsis (Denison 1985) which is 
preserved in lateral view. Overall the head shield 
is 90% as broad as long, being broadest across 
the postorbital plates posterior to the large orbit. 
The preorbital plates are exceptionally large, 
about twice the size of the other skull roof bones, 
which are approximately the same she as each 
other. An unusual feature of the skull roof is that 
the preorbital plates are not in mesial contact 
with apparently an open pineal notch for the 
pineal organ. No pineal plate was tecovered 
during the preparation of the specimen, and, as 
most of the delicate gill arch elements of both 
sides were found, it is assumed that a pineal plate 
was either very small (as in Austro ptyctodus n.g.), 
or absent. In lateral view, the skull roof shows a 
slit-like opening at the junction of the postorbi¬ 
tal, marginal and submarginal plates, referred to 
previously by Miles & Young (1977) as the post- 
orbital fenestra and by r Ding (1988a) as the spira- 
cular slit. 

Marginal plate. It was' apparently not rightly 
connected with the lateral margin of the head 
shield: as its precise dorsal border does not cor¬ 
respond to the well-preserved venrral margin on 
the lateral face of the head shield, it is presumed 
to have been loosely attached, The submarginal 
was probably also free in the skin of the cheek 
region, bur anteriorly r contained the opercular 
cartilage which articulated with the ethmoid 
ossification of the braincase. 

Preorhital plates. (PrO; Figs 1A-C, 2) These are 
the largest hones of the head, being just over half 
the total length of rhe skull. Miles &C Young 
(1977, fig. 8) described and figured one of these 
plates but wrongly identified it as the right ele- 
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Fig. 1 . — Campbellodus dectpiens Miles el Young, 1977, WAM 86.9.672 A-C, head shield; A, dorsal view. B, ventral view; C, right 
lateral view D, E. right marginal plate: D, lateral view; E. mesial view. F-H, median dorsal plates In right lateral view; F. median dor¬ 
sal spine; G, median dorsal plate 2; H, median dorsal plate 1.1, J, prepelvic bone and attached endoskeletaJ pelvic girdle; I, ventral 
view; J, dorsal view. K, right quadrate in mesial view. All photos whitened with ammonium chloride. 
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ethm. ri 



1 cm 


Fig. 2. — Campbellodus decipiens Miles et Young. 1977, WAM 86.9.672. A-D, sketch of head shield; A, dorsal view; B, ventral view, 
C. nght lateral view; D, posterior view, art.fl, articular flange of neck joint on PNu plate; Ce, central plate; dep, depression; etbm.rl, 
ethmoid ridge; tor, foramen; gr, groove; lie, main lateral line canal; Nti, nuchal plate (posterior element); orb, orbit or orbital margin; 
P, pineal plate or space provided for it in the head shield; pit, pit tor insertion of eye muscles; PNu, paranuchal plate: pp. posterior 
sensory-line canal on head shield; ppr. posterior process of PNu plate: PrO, preorbital plate; PtO, postorbital plate; soc, supraorbital 
sensory-line canal; spir, splracular slit; suov, supraorbital vault. 


ment when in fact it is the left preorbital plate, as 
verified by direct comparison with the articulated 
head shield of WAM 86.9.672. The preorbiral 
plates are subrectangular in form, having a 
breadth/length index of between 56-60, for both 
specimens. They show a weakly concave lateral 
margin, gently convex anterior margin, strongly 
convex posterior margin, and gently concave 
mesial margins with a well-defined anterior 
notch for the pineal foramen. In lateral view 
(Figs iC, 2C), the preorbital plates are weakly 


curved, flexing over the mid-point of the orbit. 
The path of the supraorbital sensory-line canal is 
only visible in dorsal view in the posterior parr of 
the plate, faintly seen mainly through a single 
row of minute pores opening from within the 
spaces of the reticulate ornamentation. In visceral 
view, the tubular sensory-line canals are clearly 
seen (Fig. 2B, soc, pp, lie), disappearing within 
the centre of the bone at the ossification centre 
of the plate. The main laleral line sensory-line 
canal that comes off the marginal plate enters the 
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PNu 


ppr 



Fig. 3. — Campbellodus decipiens Miles el Young, 
1977, WAM 86.9.672. Left paranuchal and postorbital 
plates in mesial view, showing spiracular slit. PNu, 
paranuchal plate; ppr, posterior process of PNu plate; 
PtO, postorbital plate; spir, spiracular slit; suov, 
supraorbital vault. 


preorbital at its posreroventral corner and runs 
directly into the ossification centre of the plate. 
In visceral view, the preorbital shows areas of 
cancellous spongy bone above the orbits, for¬ 
ming a supraorbital vault (suov, Fig. 2B), and 
smooth areas of bone surface for contacting the 
endocranium, presumed here to be mostly carti¬ 
laginous. An anteriorly facing depression 
(Fig. 2B, erhm.ri) is posteriorly bounded by the 
raised supraorbital sensory-line canal (soc) and a 
mesially directed ridge. Presumably, this region 
braced the dorsal wall of the ethmoid division of 
the braincase as it does in arthrodires. The lateral 
sides of the supraorbital sensory-line canal has a 
pit (Fig. 2B, pit) just posterior to the ethmoidal 
ridge, possibly a myodome for eyemuscle attach¬ 
ment. There is a broad triangular depression 
(Fig. 2B, dep) defined by the mesial margin of 
the supraorbital canal and the raised mesial edge 
of the supraorbital vault, and a similar posterior¬ 
ly facing depression between the two converging 
sensory-line canals in rbe posterior half of the 
plate. The ornament of the preorbital plate is large¬ 
ly reticulate with patches of very fine tubercles 
over the orbits and towards the anterior margin. 
Postorbital plate. (PtO; Figs 1A-C, 2, .3) It is 
only partially visible in dorsal view, showing its 
largest area in lateral view. Its dorsal lamina 
contacts the central posteriorly and is notched 
into the prc-orbital anteriorly. In lateral view, it 
has a smoothly concave anterior margin for the 
orbit and an irregularly convex posterior margin 
which in part forms the margin for the spiracular 
slit (spir; Figs 2C, 3). In visceral view, it shows 


no unusual features apart from linear thickenings 
of bone running out from the ossification centre 
to the margin of the spiracular slit (Fig. 3). These 
thickening of bone around the spiracular slit pre¬ 
sumably assisted to direct the flow of water from 
outside into the spiracular groove. 

Nuchal plate. (Nu; Figs 1A, B, 2A, B, D) This 
central median hone of the skull roof is contacted 
aiuerolaterally by the preorbitals, laterally by the 
centrals, and forms the posterior indented margin 
of the skull roof. It is a relatively small but broad 
bone for ptyctodonrids, about half as long as che 
preorbital, and only a little longer than its 
breadth. It is quite flat. Its margins -are all comple¬ 
te and gently concave to meet the surrounding 
hones which it overlaps. The confluence of the 
sensory-line canals on the nuchal are well-defined 
in dorsal view and, in ventral view, are clearly 
seen by the raised tubes of bone that carried the 
sensory-lines (pp; Fig. 2B), Weak ridges of bone 
radiate outwards from its ossification centre. 

Left central plate. (Ce; Figs 1A-C, 2A) It is 
well-preserved in this specimen although only 
part of the right element is present, but neither 
shows the posteromesial margin completely pre¬ 
served It has a strongly concave anterior margin 
for the preorbital plate, straight contact of lateral 
margin where it meets the marginals, a strongly 
convex lateral contact margin with the paranu¬ 
chal plate, and a relatively straight mesial margin 
where it lies in contact with the nuchal. The 
short region of the posteromesial margin is also 
quite straight and forms parr of the indented 
posterior margin of the skull roof. 
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Paranuchal plate. (PNu; Figs 1A-C, 2A-D, 3) It 
is well preserved on the left side of the skull roof, 
and pardy preserved oil the right side. It has an 
irregular shape, dominated by concave margins 
where it contacts the postorbital anteriorly and 
the central anteromesially. It has short contact 
with the postorbital before being indented for 
the spiraculat slit (spin Fig. 3). The posterior 
margin of the paranuchal has a large, unorna- 
mented posteriorly-facing flange of hone (art.fl; 
Fig. 2D) for contact with the similarly flat pro¬ 
cess on the anterior dorsolateral plate (art.con. 
Figs 13, 14). The ventral margin of this articula¬ 
tory flange has a small foramen (for; Fig 2B), 
corresponding well to the position of the endo¬ 
lymphatic duct opening on the visceral surface of 
the plate in ardirodircs. Vet as the plate lacks an 
external (dorsal opening), 1 conclude it is possi¬ 
bly just a nutritive canal. As the two articulatory 
surfaces of the paranuchal and the anterior dor¬ 
solateral plates do not precisely fir together, a 
thin pad of cartilage probably divided the cwo 
flat processes to allow some slight degree of verti¬ 
cal flexibility in the neck joint. There is also a 
smooth process of dermal bone (ppr; Fig. 2B) 


which projects posteriorly from the lateral mar¬ 
gin of the paranuchal,. and weakly overlaps the 
anterior margin of the articular process of the 
anterior dorsolateral plate. There is a groove 
along the posterovemral margin of the para¬ 
nuchal plare in posterior view (Fig. 2D, gr; Fig. 6). 
Marginal plate. (M; Figs ID, E, 4, 6) It is well- 
preserved on the right side only. It is a wedge- 
shaped bone, slightly longer than the preorbitals 
and,, with a breadch/length index- of about 37* is 
narrower than for most other ptyctodontids. It 
lacks the strong inflection seen in some other 
forms, such as Rhynchodus and Rhamphodopsis, 
and is proportionately much smaller relative to 
the head shield than for those genera. It has an 
almost straight dorsal margin bordering the 
orbit, and relatively straight, short margins for 
contacting the postorbital arid paranuchal plates. 
The visceral surface shows a pair of mesially 
directed laminae extending out from the centre 
of the plate (Fig. 4A, C, D). These laminae are 
triangular in dorsal view and have a roughened 
surface between them presumably for contact 
with the orbital ossification of the braincase. 
This structure in ptyctodontids is better preser- 



Fig. 4. — Campbellodus decipiens Miles ef Young, 1977, WAM 86.9.672. A-D, right marginal plate; A, mesial view; B, lateral view; 
C, anterior view; D, dorsal view, mes.lam, mesial perichondral lamina extending from marginal plate; ov.PtO, overlap surfaces for 
postorbital plate. 
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ved in the new Gogo specimen of Austroptyctodus 
and is described in further detail below (see 
Figs 28, 29). The posterior division of the visce¬ 
ral surface of the marginal plate has a smooth 
triangular region emanating from behind the pai¬ 
red laminae.. The overlap area for the postorbital 
plate is well-developed on the Iatetal surface 
(Fig. 4 B). 

Submargtnal plate. (SM; Figs 5, 6) It is preser¬ 
ved only for the left Side, but is also well-preser¬ 
ved in the holotype and was figured and 
described by Miles & Young (1977, fig. 10). ft is 
broad, posteriorly, narrowing to a slightly up¬ 
turned, Well-rounded anterior end. It is propor¬ 
tionately deeper in its posterior end than in all 
other ptyctodontids for which it is known, as in 
most other ptyctodontid genera it is almost 
bar-like. The visceral surface is smooth With the 
anterior end having the perichondral shell of the 
opercular cartilage in situ , In ventral view, this 
perichondral lamina is mesially developed into a 
strong process .(mes.pr; Fig. 5C), which is inter¬ 
preted to have supported a thick and presumably 
large opercular cartilage (Fig. 6). 


A 



Fig, 5. — Campbellodus dedpiens Miles el Young, 1977, WAM 
86.9.672. A-C, left submarglnal plate; A, mesial view; B, left 
lateral view; C, ventral view, showing opercular cartilage ossifi¬ 
cation. mes pr, mesial process on opercular cartilage; op.car. 
opercular cartilage. 


Visceral skeleton 

Several paired and one unpaired perichondral 
ossification of the visceral skeleton were recover¬ 
ed from the specimen. Numerous visceral arch 
bones should be found in the skeleton of any fish 
that had them well-ossified, yet only a few bones 
have been found in this specimen, and in other 
articulated specimens of the Gogo form 
Austroptyctodus , and the German Ctenure!In, This 
suggests that only some bones of the anterior gill 
arches in ptyctodontids were ossified. Sehulrze 
(1993; 2131 points out tharin d'asmobranchs the 
dorsal hyoid 3rch elements are the first to chon- 
drify (epihyal, cetatohyal), followed by the pha- 
ryngobranchials, epibranchials and cerato- 
branchials, then lastly by the hvpohranchials and 
basibrancJmls. It is possible that only those ele¬ 
ments of the first gill arch and possibly one pos¬ 
terior to it were invested with perichondral bone 
in ptyctodontids, This could be explained by the 
need to strengthen the bones in direct contact 
with the strong jaw mechanism, the more distal 
arch elements remaining as cartilaginous units. 
The provisional identification of these gill arch 
elements is based on comparisons with articular- 
ed material of the other Gogo ptyctodontid, 
Austroptyctodus , as well as articulated specimens 
of Ctenureila gladbacbensis in the MNffN, Paris. 
There is no direct evidence, because none of the 
smaller elements arc preserved in life position in 
any specimen examined. The position and iden¬ 
tification of the larger elements is based only on 
their general shape and articulation surfaces in 
relation to other large bones (e.g. the articular), 
and comparisons with the genetal shapes of these 
dements in other primitive gnathostomes (chon- 
drichthyans, other placoderms, primitive osteich- 
thyans). 

The largest of the gill arch elements in 
Campbellodus are a pair of inwardly curved) dis- 
taily broad elements. No comparable shape to 
bones previously identified in rhe ptyctodontid 
visceral skeleton by Watson (1934), 0rvig 
(1%0), Gardiner (1984a) or Forey & Gardiner 
(1986). These bones (Fig. 7) are strongly curved 
mesially and have grooves' for vascular or nerve 
passages on the lateral surface, near the distal 
(smaller) end. They are too curved mesially and 
roo narrow dorsally to be meckelian cartilages 
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Fig. 6 — Campbeliodus decipiens Miles et Young, 1977. Attempted reconstruction ot dermal exoskeleton and visceral arches, from 
WAM 86.9.672. Stippled areas are hypothetically restored cartilage bones. ADL, anterior dorsolaieral plate; AL, anterior lateral plate; 
Art, articular; Aut, Autopalatine; BH, basihyal; Ce, central plate; CH, ceratohyal; HH, hypohyal; Hym, hyomandibular; IH, interhyal 
element: It, interolateral plate; l.tpl, lower tooth plate; M, marginal plate; MD, MD1, 2, 3, median dorsal plate(s) or spines; Nu, 
nuchal plate (posterior element) op.car, opercular cartilage; PNu, paranuchal plate; PRO, preorbital plate; PtO. postorbital plate; 
Qd. quadrate; SM, submarginal plate; Sp. spinal plate; u.tpl, upper tooth plate. 

supporting the toothplates. By comparison with regarded as a synapomorphy of higher osteich- 
other gnathostome fishes they could be cerato- thyans (Gardiner 1984b) as the condition in 
hyals, which are also large, flat bones with mesial acanthodians (Miles 1973) or primitive actino- 
curvature in primitive osteichthyans like pterygians (Gogo palaeoniscoids, Gardiner 
Medoevia (I.ebedev 1993), Glyptolepis (Jarvik 1984b) is to have a slender rod-like ceratohyal of 
1972) or primitive lungfishes (Miles 1977; similar form to the ceratolnanchials. 

Campbell & Banvick 19S8), However it is noted What therefore is the evidence for calling the 
that the presence of an expanded ceratohyal is elongate bone, bracing the articular in Ctenurella 
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Fig. 7. — Campbellodus decipiens Miles et Young, 1977, WAM 
86.9.672. A-C, left ceratohyal:. A. mesial View; B dorsal View 
C, left lateral view, gr, groove. 

gladbachcnsis, a “ceratohyal” (e.g. Forey & 
Gardiner 1986)? The bone lies ventral to the 
inferred position of the dorsal hyoidean bone, 
which would primitively lie next to die quadrate, 
and is a large hone with a complex proximal 
head. As restored by Forey & Gardiner (1986), it 
would disially meet with the restored hyomandi- 
bular and form parr of a normal hyoidean arch 
system, except for the fact that it braces the jaw 
joint rather than carries on ventrally to the basi- 
hyal or hvpohyal bones. In this respect it would 
be unique amongst vertebrates it regarded as a 
ceratohyal. I propose an alternative explanation: 
the elongated bone with an expanded double 
articulatory head,, which btaces the lower jaw, is a 
specialised interhyal (or “symplectic” in rhe ter¬ 
minology of Veran 1988, but not homologous 
with the symplectic of higher actinoprerygians). 
Thus I regard the broad, expanded bones in 
Campbellodus a-, true ceratohyals thac have inde¬ 


pendently acquired the derived condition of 
being expanded lor larger attachment area of the 
depressor mandibulae-and interhyoideus muscle 
groups. Such an adaptation would benefit a spe¬ 
cialised feeding mechanism as it occurs in ptycto- 
dontids which were strong biters (in the 
ecomorphological context of Liem 1993) and 
thus required extreme modifications of the jaw 
musculature system to increase biting pressure, 
relative to the conservative muscle systems 
hypothetically restored in other placodcrms such 
as arthrodires {e.g. Stensio 1963: Long 1995a). 
The visceral skeleton is virtually unknown irt all 
other placodcrms, apart from a serial grinding 
series by Stensio (1963, fig. 8) showing only the 
ventral gill arch system in the arthrodire 
Tapinosteus. Thus the presence or absence of an 
interhyal in other placoderm groups is unknown. 
The function of this unusual arrangement tor the 
expanded interhyal in ptyctodontids can only be 
suggested as an attachment brace for supporting 
the large opercular covering over the branchial 
lamina, possibly by attachment of additional car¬ 
tilaginous opercular dements (as in the opercular 
cartilages of chimaetids which emanated from 
both the epihyat and ceratohyal elements: e.g. 
Rbimcbiniaeni and Callorbyncbus , larvik 1980, 
vol. 1, figs 299, 303). 

The next largest bones in the visceral skeleton of 
Campbellodus are elongated paired bones with an 
expanded head (Fig. 8), directly comparable with 
the elements identified as cetatohyals by Forey & 
Gardiner (1986), and found in the new Gogo 
specimen described below, and also in articulated 
position in Ctenprella gktdbachensis (see below, 
Fig. 25), These are not interpreted as epihyals 
(= hyomandibular) because of rhe presence of a 
separate epihyal in position on the new specimen 
of Austroptyctodus (Fig. 29, Hym). 1 regard these 
as-interhyal elements which braced the lower jaw 
joint (Fig. 6, IJI), the ventral most articular head 
meeting the small articulation surface described 
on the articular bone in Austroptyctudns (Miles & 
Young 1977, “arthy”, fig. 24). There is a well 
defined foramen at this articular head (for; Fig. 8) 
which may have transmitted the hyomandihularis 
nerve. The narrow distal end of the bone is com¬ 
pressed laterally and ends in a slit-like articulation 
surface (shown in Fig. 8E), presumably for 
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Fig, 8. — Campbellodus decipiens Miles et Young, 1977, WAM 
86.9.672. A-0, left interhyal; A, dorsal view; B, left lateral view; 
C, D, cross-sections of the interhyal, respectively in distal and 
proximal sections; E, ventral view, for, foramen. 



Fig. 9. — Campbellodus decipiens Miles et Young, 1977, WAM 
86.9.672. A, B, basihyal; A, ventral view; B, dorsal view. CE. 
hypohyal; C, mesial view; 0. dorsal view; E lateral view. art. 
articulation facets; dep. depression. 


contacting the similar-sized articulation area on 
the ceratohyal. Two small paired elements having 
three articulation surfaces are here identified as 
possible hypohyals (Fig. 9C-E). They are 
flask-shaped elements with a small anterior (?) 
articulation surface (art 1), and rwo much pre¬ 
sumed larger, mesial (art 2) and dorsal (arr 3) arti¬ 
culation facets. The presumed dorsally-facing 
articulation surface is the largesr of the three and 
matches closely with the long ventral articulation 
facet on the distal end of the ceratohyal. The 
second largest articulation is here assumed to be 
for mesial contact with the opposing hypohyal, as 
in many modern selachians (e.g. Chlamydo-sebi- 
chus. Smith 1937). They compare well to the 
basic pattern of hypohyals seen in early osteich- 
thyans (Gardiner 1984b; Lebedev 1995)- 
A small unpaired bone, presumably the median 
hyoid arch element or basihyal (Fig. 9A, B), is an 
almost circular bone with a single protruding 
articulation facet, giving it the overall shape of a 
circular waicr-cantccn. This bone was idenrified 
by Gardiner (1984a, Fig. 3) and by Forty 8c 
Gardiner (1986) in Austroptyctodus as the uro- 
hyah yet this identification was based only on its 
overall shape as it was found only in one speci¬ 
men, and in which case the gill arch bones were 
not in natural articulation. The authors identifi¬ 
cation of the element as a basibranebial is based 
on the fact rhat only one large median element 
of the ossified hyoid arch is present in 
Casripbellodus , and that bone is therefore most 
likely to be the basihyal. Its rounded overall mor¬ 
phology is similar to that of the osteoleplform 
Medoevia (Lebedev 1995). The single articulat¬ 
ory facet faced posteriorly and accommodated 
the smaller anteriorly facing articulatory surfaces 
on the hypubranchials, or alternatively, may have 
met with a second smaller medial basibranchial 
element. 

Dentition and jaw cartilages 
The toothplates and jaw cartilages of Campbel¬ 
lodus have been well-described and figtited by 
Miles & Young (1977), and Long (1988b) des¬ 
cribed an isolated upper jaw toothplate of 
Campbellodus sp- from the slightly younger 
Napier Range, to the west of Fitzroy Crossing. 
New material of Campbellodus showing the 
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Fig. 10. — Campbellodus dedpiens Miles et Young, 1977, WAM 
95.6.112. A. B, upper toolhplate. A, ventral view; B, mesial 
view; C, D, lowei loothplate; C, mesial view; D, dorsal view. 
Whitened with ammonium chloride. 

upper and lower toothplates (WAM 95.6.112) is 
shown here (Fig. 10), but adds no further infor¬ 
mation to the published description. The tooth 
plates had a crushing action with the posterior 
end of each tooth plate being broadest and thick¬ 
est, and increased wear on the tooth plates result 
in differing morphologies', especially for the 
upper tooth plate, as noted by Miles & Young 
(1977: 150). A most peculiar feature of the den¬ 
tition is that the lower toothplate extends ante¬ 
riorly well forward of the anterior margin of the 
upper tooth plate when they occlude, as shown 
in the reconstruction (big. 6). 

Left quadrate. (Figs' 1K, 11) It is well-preserved 
in WAM 86.9.672. It is a robust perichondral 
ossified shell consisting of a main division with 
an inner (lange, as described for Austroptyctodus 
gardineri (Miles & Young 1977. figs 24, 25). The 
main shaft is flat in cross-section with a broad 
articular end.. Lateral to the articular surface 
(art.ntd) is a break in the perichondral bone sur¬ 
rounded by a thickening around it. This process 
(pr.dec) is possibly a houtologue with the “detent 
process” on the posterolateral region of the qua¬ 
drate in arthrodires (e.g, Goujetosteus pulchellus , 
Gardiner & Miles 1990, fig. 20; Mruamaraspis, 
Long 1995b, fig. 16). This raises the question of 


whether the “detent process” on the quadrate of 
ptyctodontids Is actually homologous to that of 
arthrodires or corresponds to one of the several 
palatohasal articulations with the endocranium 
seen on the quadrate or palatoquadrate of other 
primitive platoderms (e.g. Romundina , Young 
1986. fig. 12C). The function of the detent pro¬ 
cess in arthrodires is to limit movement or lateral 
slip of the jaw joint. This is clearly seen by physic¬ 
ally moving the lower jaws and fixed cheek units 
against one another in well-preserved Gogo 
arthrodires. In acanrhothoracids and rhenanids, 
the palatohasal and nearby articulator)' facets on 
the palatoquadrate were for attachment to the 
endocranium, In Campbellodus the quadrate Is 
situated a considerable distance ventral to the 
extent of the hrainca.se as deduced from similar 
positions of the endocranial ossifications and 
jaws in Austroptyetodm n.g., and thus the process 
in ptyctodontids is here seen to be homologous 
to the detent process in arthrodires. a constraint 
to lateral movement during opening and closing 
of the jaws. The large well-defined cavity for the 
posterior division of the adductor rnandibulae 
muscles (add.fbss) is seen in mesial view 
(Fig. 1IB). The ventral surface of the quadrate 
(Fig. 11C) is relatively flat to weakly concave, (t 
shows a roughened muscle or ligament attach¬ 
ment area (tm.att) immediately anterior to the 
articulation area which may have been for the 
mandibulohyoid ligament. 

The articular is not preserved in any of the 
Campbellodus specimens, hut the autopalatine 
ossification is known from the holotype, and has 
been described and figured by Miles & Young 
(1977, fig. 11, pi. 2B). 

Trunk shield 

The trunk shield of Campbellodus (Figs 6, 12, 
14) comprises large paired anterior lateral plates, 
paired anterior dorsolaterals, three median dorsal 
elements, the most distal of which is developed 
as a median spine, a pair of large intcrolatetal 
plates, paired small spinal plates, and -a small 
anterior median ventral plate. The restored trunk 
shield (Figs 6, 14) is similar to that of 
Rhyurhodus tetrodon in having a very extensive 
branchial lamina on the anterior laterals and 
interolaierals with large hooked stellate tubercles, 
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but differs from all other known prycrodontids 
in having three median dorsal bones, and dis¬ 
tinctly small spinal plates. 

Median dorsal plates. (MDl; Fig. 1H) Situated 
ventrally it straddles the anterior dorsolaterals 
and is a thin bone lacking a median ventral keel, 
as in Rhampbodopsis, Chelyopborns, Ctemirella 
and Austroptyctodus (e.g, Miles & Young 1977, 
fig. 29 D). It is the largest of the three dorsal 
trunk bones and has a strongly convex anterior 
margin that slightly overhung the nuchal gap of 
the head shield when the head was fitted onto 
the articulated trunk armour. It has a small dor¬ 
sal overlap flange for the second median dorsal 


plate (MD2; Fig. 1G). This plate is slightly more 
elongated that the main median dorsal, and also 
has a short, narrow overlap shelf on its postero- 
dorsal margin for the median dorsal spine. This 
spine (MD3; Fig. IF) is similar to that figured by 
Miles &. Young (1977, fig. 13) for specimen 
NHM P50907. It is a hollow bone with a groo¬ 
ved posterior face and has only few scattered 
tubercles on its surface, unlike the strongly 
developed dermal ornamentation in the spines of 
Rhampbodopsis and Ptyaodopsis. 

Anterior dorsolateral plate. (ADL; Figs 12-14) 
It is of regular shape for ptyctodontids, not unlike 
that of Ctenurella or Rhynchodus. It has a well- 



Fig. 11. — Campbellodas decipienp Miles et Young, 1977, 
WAM 86.9.672 A D, left quadrate; A, lateral view; B, mesial 
view; C, posterior view; D, ventral view, add.foss, fossa for 
adductor mandibulae muscles; art.md, mandibular articulation; 
m.att, attachment area for mandibulohyoid ligament; mr, mesial 
ridge of quadrate; Ifl, lateral flange of quadrate; pr.det, detent 
process on quadrate. 
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broader in its ventral division than in either 
Ctenurella or Rbamphodopsls. The overlap area for 
the median dorsal 1 plate (ov.MD) is much 
smaller than the large ventral overlap surface for 
the anterior lateral plate (ov.AL). 

Anterior laterals. (AL; Figs 6, 12, 14) These are 
the largest bones of the dc-rmal skeleton, as in ail 
ptyctodontids. The dorsal region of the plate is 
very broad, being approximately three times the 
width of die narrow ventral division of the lateral 
lamina. The dorsal region of the anterior margin 
of the hone is strongly concave where the post- 
branchial lamina (Fig 14, b. lam) begins. It has a 
well-defined lateral lamina with finely ornament¬ 
ed rugose dermal bone, merging mesially into 
the extensive flat posrbranchial lamina covered 
with well-ordered rows of large, triangular pecti¬ 
nated tubercles. Each of these tubercles has a 
spray of about five or six inwardly pointed tips, 
the central one being the largest, and the head of 
the tubercles facing towards the centre of ossifi- 


Fig 12. — Campbellodus decipiens Miles et Young, 1977, WAM 
86 9.672. Partially articulated trunk shield in left lateral view. 
ADL, anterior dorsolateral plate; AL, anterior lateral plate, Sp, 
spinal plate. 

developed anterior ventral process of ornamented 
dermal bone that meets the anterior lateral plate 
(v.pr; Fig. 13), and the main lateral-line sensory 
canal (11c) passes through a tube within the bone 
and is not externally visible, nor is it expressed as 
a thickened tube on the visceral surface of the 
plate as occurs in ptyctodontid head shield bones. 
The articular condyle (art.con) for the neck joint 
is a broad flat surface with a weak median ridge 
which is hardly visible in lateral view (Figs 13, 
14). Noticeable difference in the anterior dorsola¬ 
teral plate of Campbellodus to those of other ptyc¬ 
todontids is that it lacks the distinct angular 
inflection seen in the anterior dorsolateral plate of 
RJjyncbodtts tetrodon (Gross 1933, pi. 10, figs 2-4) 
or Chelyophorus verneuili (pers. obs.). It Is broa¬ 
dest about two-thirds down its height from its 
dorsal margin, unlike the dorsally broader plate in 
Austroptyctodus (Miles & Young 1977, fig. 30), 
and the externally exposed region is noticeably 


ov.MD 



Fig. 13. — Campbellodus decipiens MWes et Young, 1977, WAM 
86.9.672. A, B anterior dorsolateral plate; A, right lateral view; 
B, mesial view, art.con, articular condyle or face on ADL plate; 
ttc, main lateral line canal; ov.AL, overlap surfaces of anterior 
lateral plate; ov.MD, overlap surfaces of median dorsal plate; 
v.pr, ventral process of ornamented bone on anterior dorsolete- 
ral plate. 
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cation of the bone, close to its' spinal margin 
Miles & Young (1977, figs I, 2F, pi, 4A) showed 
pan of this postbranchiaJ lamina on the type spe¬ 
cimen, and figured a scanning electron micro¬ 
graph showing clearly the morphology of one of 
these tubercles. The contact margin for the spi¬ 
nal plate is a short, straight horizontally-directed 
edge of bone above the embayed margin for the 
pectoral fin. 



Fig. 14.— Campbellodus ducipieos Milss et Young, 1977. WAM 
86.9.672. A, B. trunk shield; A. anterior view; B. ventral view. 
ADL, anterior dorsolateral plater AL, anterior lateral plate; AMV, 
anterior median ventral plate; an.con, articular condyle or face 
on ADL plate; b.lam branchial lamina of trunk shield; IL, intero- 
lateral plale; MD1. median dorsal plate; pec.ln, pectoral tin inci¬ 
sion on trunk shield; Sp, spinal plate 


Unlike the condition in most other placoderms 
where the spinal plate projects anteriorly to the 
pectoral fin, ir is clear that in Campbellodus the 
spinal plate is immediately dorsal to the main 
embaymenr in the trunk shield lateral lamina. 
The position of the scapulocoracoid in Ausiro- 
ptyctodus , also showing the fin emerged below 
the junction ol the. anterior lateral and the intero- 
lateral, confirms that the pectoral fin did emerge 
ventral to the position of the spinal in 
Campbellodus. 

Spinal plate. (Sp; Figs 6, 12, 14) This small 
bone, with a very short projection of the poste¬ 
riorly-facing spinal process, contacts the anterior 
lateral along almosr all of its dorsal margin, but 
has only a very short anterior connection with 
the interolateral plate. In internal view, the spinal 
plate is hollow. It has been previously identified 
and described for the NHM P50907 by Miles & 
Young (1977, fig. 12). 

Interolateral plates. (IL; Figs 6, 14) These 
consist mosdy of the anteriorly facing posrbran- 
chial lamina, with no external lateral lamina. The 
ventral laminae (Fig. ]4B) are well-developed as 
in all ptyctodontids and meet the anterior 
median ventral bone mesially, not contacting 
each other as occurs in Rhynchodus tetrodon 
(Gross 1933). As noted for the spinal, the)' have 
a well-defined pectoral incision for the pectoral 
fin (pcc.in; Fig. l4A), and ventrally broaden out 
mesially. The postbranchial lamina has a strongly 
convex contact margin with the anterior lateral 
plates, similar to the condition in both 
Rhynchodus and Austrvptyctvdtis. 

Anterior median ventral plate. (AMV; Fig. 14 
A, B) Unusually broad, it is more than twice as 
broad as its length, although its externally expos¬ 
ed Surface in the articulated armour is very nar¬ 
row. Most of its breadth is for the overlap 
laminae for the interolateral plates, and these sur¬ 
faces have a fluted bone texture. The anterior 
margin of the plate is quite straight, unlike the 
V-shaped anteripr median ventral plate in 
Chelyophorus. 

Pelvic girdle and endoskcleton 
The pelvic girdles are well-preserved in the speci¬ 
men showing two principal components, the 
dermal pelvic bones and associated endogirdle. 
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Fig. 15. — Campbellodus decipiens Miles et Young, 1977, WAM 
86.9.672. A, B, prepelvic bone and associated endaskeletal pel¬ 
vic girdle; A, dorsal view; B. ventral view arts, articulation 
scars for mesial attachment; for. for 1, 2. foramen or identified 
series of foramina; pel.g groove between basal articulations on 
pelvic endoskeletal ossification; pr.pel, dermal process of pelvic 
girdle; rad.art, 1 , 2,3, articular facets for fin radials. 

and a pair of asymmetric large, smooth basal 
plates for the pelvic fin, similar to the element 
described in the female specimens of Rhampho- 
dopsis thrcipLtndi (Miles 1967, figs 13, 15). 
External pelvic girdle. (Figs 11, J, 15, 17) It has 
a large, narrow ventrolateral lamina with external 
ornament matching that of the dermal bones and 
scales. This part (pr.pel; Fig. 15) is probably 
equivalent to rbe paired prcpelvic bones lying 
anterior to the pelvic fins in Rhamphodopsis, 
although the associated endoskeletal girdle is not 
known in that form. In the new specimen the 
perichondrally ossified endogirdle shows three 
large, elongated articuladon surfaces for the pel¬ 
vic fin radials (rad.art 1-3; Fig. 15), with two 
large foramina (fori, 2) between the fin attach¬ 
ment surface and the outer dermal bone, for the 
passage of nerves, veins and arteries ro the pelvic 
fin. Musculature of the pelvic fin probably attach¬ 
ed to the roughened area surrounding these fora¬ 
mina and to the dermal component of the pelvic 
girdle. These paired elements met mesially by a 
roughened connection area (art s) widt an inter- 
digitating suture (Fig. 17). The smooth surface 
surrounding this connective region was no doubt 


covered with muscle or ligamentous connection 
in life. When the' two parts of the pelvic girdle 
and endogirdle are reassembled in this Way, the 
dermal prcpelvic bones arc not seen to have any 
mesial contact, as seen in Rhamphodopsis, but are 
widely separated. Ill restoring the pelvic, girdle 
and endogirdles (Fig. 17), the bones Were assem¬ 
bled with plasticine holding the basal plates toge¬ 
ther and then matched up with the posterior 
width of the trunk shield, so that the estimated 
width of the prepelvic holies correlated with the 
natural curvature of the body, 

Finhasal plate.The large fin basal plate (Fig. 16) 
is represented bv both left and right elements, 
although, as prepared, it is not known which is 
which. The element has strong curvature in both 
niesial-Jateral direction and rostrocaudad, unlike 
in Rhamphodopsis specimens, in which it seems 
to be a fiat, subtriangular bone. Along its inner 
ventral margin is a well-developed ridge (ri; 
Fig. 16A), presumably for insertion of the large 
pelvic scales along a broad, smooth flange (fl). A 
roughened area (r.a) is seen next to the centrally 
raised median area, presumably for attachment 
of ligaments and scales of the lateral Rank of the 
fish. The visceral surface is smooth but has a 




Fig. 16. — CampOellodus decipiens Mites et Young, 1977, WAM 
86.9.672. A, B, right tamale pelvic basal plate; A, ventral view; 
B, dorsal view (slightly oblique, see figure 17 for possible orien¬ 
tation with respect to prepelvic bones and pelvic girdle), fl, flan¬ 
ge; r.a, articulatory ridge on pelvic basal plate; ri, ridge for scale 
overlap on pelvic basal plate. 
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Fig. 17. — Campbellodus decipiens Miles et Young, 1977. 
Reconstruction of pelvic region of a female showing possible 
orientation of prepelvic bones, pelvic girdle arid pelvic basal 
plates, ventral view: ant, anterior direction: pel.bas. pelvic basal 
bone (female basal ossification); pr.pel, dermal process of pel¬ 
vic girdle; rad.art, 1,2 articular facets for fin radials. 

well-defined ridge (ri; Fig. 16J1) running along 
its ventral lamina. 

Scapulocoracoid? 

A poorly preserved part of a perichondral ossifi¬ 
cation showing what appears to be a glenoid 
facet is here shown in figure 18 (glen), although, 




Fig. 1 8. — Campbellodus decipiens Miles et Young, 1977, WAM 
86.9.672. Possible right scapulocoracoid ossification (incom¬ 
plete). glen, glenoid condyle of endocranium. 


as most of the bone is missing, its identification 
is uncertain. It is possibly part of the scapulo¬ 
coracoid from the shoulder girdle, or alternative¬ 
ly may be a piece of the occipital ossification of 
the endocranium, as described below in Austro- 
ptyciodus. 

Axial skeleton 

The vertebral column comprises the synarcual 
(Fig. 19) and numerous paired perichondral ele¬ 
ments that straddled the cartilaginous noto¬ 
chord, as described for Rhamphodapsis (Miles 
1976), Ctcnurella gladbach crisis (0rvig I960), 
and similar to the vertebral ossifications seen in 
other placoderms (e.g. Coccostcus, Miles & 
Westoll 1968; Austrophyllolepis , Long 1984b; 
Incisoscutum , Deuilis-Bryan & Miles 1981; 
Eastmanosteus , Dennis-Bryan 1987). Some of the 
haemal arch elements have reasonably long ven¬ 
tral processes compared to those seen in 
Ctenurdla or Rhathphodopsis. 

Synarcual. It is similar to that described lor 
Auslroptyctodus (Miles & Young 1977, fig- 32), 
showing clearly the notochordal groove (not.gr, 
Fig. 19) canal for the spinal cord (sp.c) and lateral 



5 mm 




Fig. 19. — Campbellodus decipiens Miles el Young, 1977, WAM 
86.9.672. A-O, synarcual; A, anterior view; B, obliQue posterior 
view; C, lateral view, D, venlral view. for. foramen or identified 
series of foramina; not.gr, notochordal groove; sp.c, spinal cord 
canal. 
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Fig. 20. — Campbellodus decipiens Miles ef Young, 1977, WAM 
86.9.672. A, dermal scale showing overall shape; B. detail of 
externally ornamented area of same scale. SEM photomicro¬ 
graphs. 

slit-like foramina (for) for the spinal nerve roots. 
Large basal elements for the median fins are 
found in the material and in general outline 
match those described for Austroptyctodus 
(Miles & Young 11)77, figs 33, 34). In addition 
rhere is a posteriorly situated second median dor¬ 
sal bone that bears a close resemblance to the 
median dorsal I of the trunk shield. As for 
Ctenurella gladbacbensis, this is presumed to be 
the dorsal spine preceding the second dorsal fin. 

Squamation 

The specimen contained many hundreds of 
scales distributed throughout the nodule, and 
not concenttated specifically around the pelvic 
girdle. Thus, as in the articulated specimen of 
Austroptyctodus described below, in which order¬ 
ed scale rows are seen on the flank of the trunk 
region, the whole of the body posterior to the 
trunk shield is assumed to have been covered by 
large overlapping scales. Each scale has an orna¬ 
mented external region which is subrectangular 
in form hut quite variable as to precise shape 
(Figs 20, 21) and a large, ventrally-facing smooth 
overlap surface. The scales are macromeric, from 


their large size and the relative size of the neural 
arch elements ir is suggested that there was a cor¬ 
respondence of one scale row per somite, and 
that they were ordered in neat rows with large 
overlapping ventral flanges. 

Long (1995b; 110) gives an attempted life resto¬ 
ration of Campbellodus decipiens based on the 
new material described herein. 


REVISION OF THE GENUS 
Ctenurella 0rvig, 1960 

Although the original description of Ctenurella 
gladbacbensis by 0rvig (I960) did not recognise 
the presence of the submarginal bone, this was 
soon corrected along with further observations of 
the material by him (1962). Another peculiarity 
of C. gladbacbensis noted from 0rvig‘s descrip¬ 
tion is the putporred absence of the anterior 
median venrral plare, present in all other ptycto- 
dontids where the armour is well-preserved, 
including C. gardineri (Miles tk Young 1977, 
fig. 31). His last reconstruction of the head of 
C. gladbacbensis was modified to show broader 
anterior margins on the preorbital plates and was 
subsequently adopted by Stensio (1969, 
fig. 40A) and used by 0rvig (1971) and Miles & 
Young (1977, fig. 15). Ir incorporated a smaller 
dermal bone anterior to the marginal plate (a 
possible suborbital bone). 

Denison (1978. fig. 3R) attempted ro reconstruct 
pares of die visceral skeleton of C. gladbacbensis, 
adding die hyomandibular as an anteroventrally 
directed bone, bracing the jaw articulation and 
meeting with an opercular cartilage. Eorey & 
Gardiner (1986) described a new specimen of the 
Gogo “ Ctenurella " and figured newly prepared 
NMH specimens of C. gladbacbensis in which the 
“ceratohyal’ was clearly identified. 

Original specimens in the MNHN, Paris, include 
articulated individuals showing details of the 
skull roof, jaws and visceral skeleron (Fig. 22) 
and one superb specimen, both part and counter¬ 
part (Figs 23, 24B, 25). meticulously prepared 
by Dr. D. Goujct, showing the dermal bones of 
the skull and trunk shield, as well as jaws and 
associated ossifications, the hyoid elements, ros- 
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Fig. 21. — Campbellodus decipiens Miles et Young, 1977, WAM 
86.9 672. Dermal scales. A. basal view; B. C, coronal views. 


tral cartilages and other visceral arch elements. 
Four well-preserved specimens were studied in 
order to determine the nature of the hyoid arch 
bones, the jaw cartilages and the reconstruction 
of the head shield. The new specimens examined 
at the MNHN, Paris, corroborate the orientation 
of the interbyal bone, as observed by Forey & 
Gardiner (1986, called the “ccratohyaf") in its 
posteroventrally slanted position behind the arti¬ 
cular, as seen also in Austroptyctodus (Figs 28, 
29). Closer examination reveals that the expan¬ 
ded head of the interhyal in C. gltldbachensis only 
makes contact with the posterior margin of the 
articular and does not meet with the posterior 
edge of the quadrate (Fig. 25). 

The skull roof is well-preserved in the NHM 


specimens but differs in several respects from the 
reconstructions given by CArvig (I960, 1971), 
Stensio (1969), Miles St Voting (1977) and 
Denison (1978). In all four of the NHM speci¬ 
mens examined, the central plates meet each 
other behind the nuchal plate, unlike the condi¬ 
tion in both the Gogo ptyctodonlids, in which 
the nuchal forms the median posterior margin ol 
the head shield (Figs 23, 25B). The anrerior mar¬ 
gin of the head shield is relatively broad and 
straight with the pineal hone tightly enclosed by 
the anteromesial corners of the preorbital plates. 
The closure of the central plates to form the pos¬ 
terior margin of the head shield in Ctenurella 
gladhachensis is also hinted at in the tine skull 
figured by 0rvig (1960, pi, 26, 1, 2) where the 
left central plate protrudes behind the nuchal 
plare. The pineal plate is always firmly enclosed 
by the preorbital plates with only a short anterior 
margin forming the anterior border of the head 
shield, unlike die Gogo form which has a pineal 
plate Significantly" smaller than the gap defined 
for it by the preorbitals. 

Thus, a new reconstruction of the skull roof of 
Ctenurella gladhachensis is presented here 
(Fig. 26B) which shows noticeable differences to 
the Gogo specimens. 

It is noted that the selenitic ring, not previously 
described lor ptyctodonlids, is well preserved in 
one Bcrgi.sch-Gladbach specimen, and shown 
clearly in figure 22A (botroni right corner above 
rhe lower tooth plate), h comprises four sclerotic 
bones and matches closely with rite supraorbital 
vault defined by the preorbital and postorbital 
plates. 

The lower toorh plates of Ctenurella gladbaehen- 
sis have a well-developed ventral process 
(Figs 22A, 25). a feature also seen in the Gogo 
Austroptyctodus (Fig. 34; Miles & Young 1977, 
pi. 5B). Futthei differences between Ctenurella 
and Austroptyctodus are seen in the median dorsal 
plates. In Ctenurella (Fig. 22A) it has weakly 
convex lateral margins and the posterior margin 
even has a caper to a posterior point. In 
Austroptyctodus, the median dorsal plate has a 
much broader anterior margin than its posterior 
margin, weakly concave lateral margins and a 
more strongly developed posterior process 
(Miles & Young 1977, fig. 29D). 
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Fig. 23. -- Ctenurella gladbachensis Orvlg, I960. Specimens in the palaeontological collections ot the Museum national d'Histoire 
naturelle, Paris. A, MNHN ARD 230; B, MNHN ARD 233. Scale bar: 1 cm. 
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Amended generic diagnosis Remarks 

A small ptyctodontid with a nuchal completely The genus Clenurelld is distinguished from 
enclosed by the centrals and preorbitals; preorbi- Rhynchodus , Rhdmphudopsis , PtyCtodopsis , Tollodus 
tals meet in midline and suture with the pineal; and Cdmpbt'llodns by its absence of a spinal plate, 
nuchal plate anteriorly pointed. Marginal plates Cbelyophorus differs in having grooves developed 
with well-developed ventral process. Toothplates for the external sensory-line system, a shorter, 
of the shearing type, lower tooth plates having a broader nuchal plate and higher, shorter anterior 
well-developed ventral process near the articular dorsolateral plate. Austroptyctodus n.g. is distin- 
end. Trunk shield lacking a Spinal plate, median guished by its skull-roof pattern, with nuchal 
dorsal plate approximately as broad as long, lack- plate opened, posteriorly, the different shape of 
ing a dorsal spine, and with lateral margins gent- the median dorsal plate and the presence of body 
ly convex. Body lacking squamation. scale cover. 


P PRO 



Fig. 24. — Ctenurella gladtjachensis Qrvig. 1960. Sketches of specimens showing head shield plates in articulated position. 
A. MNHN ADD 233; B, MNHN ARD 230b; C MNHN ARD 232. Ce. central plate; MD, MDl, 2, 3, median dorsal plate(s) or spines; 
Nu, nuchal plate (posterior element), P, pineal plate or space provided for it in the head shield; PNu, paranuchal plate; pp, posterior 
sensory-line canal on head shield; PRO, preorbital plate; PTO postorbital plate; soc, supraorbital sensory-line canal; suov, supra¬ 
orbital vault. 
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Fig. 25. — Ctenurella gladbachensis 0rvig, 1960. Sketch of specimen MNHN ARD 229 (as shown photographed in figure 22). Art, 
articular; Aut, aulopalatine; Ep, epibranchials; 1H, mterhyal element; l.tpl. lower tooth plate; M. marginal plate; nas.oss, nasal ossifi¬ 
cation of endocranium; orb.oss, orbital ossification of endocranium; PM, postmarginal plate; pr., dorsal process of the upper tooth 
plate; Qd, quadrate; ros.car, rostral cartilages (paired); SM, submarginal plate; u.tpl, upper tooth plate. 


A ustroptyctodus gard'tnieri 
(Miles et Young, 1977) n.g. 
Austroptyctodus n.g. 

Type species. — Austroptyctodus gardineri Miles et 
Young, 1977. 

Etymoi OGY. — From the continent Australia and the 
Form genus Pcyctodus. 

DIAGNOSIS. — A ptyctodoncid placoderm having a 
Plyctodus -like crushing dentition, preorbital plates 
separated from each other by a median gap. Canal¬ 
bearing nuchal participating in the posterior margin 
of the skull roof, trunk shield lacking a spinal plate, 
median dorsal plate with much wider anterior margin 
than posterior margin. The body was covered by large 
overlapping scales. 

Remarks. — Austroptyctodus n.g. is clearly distinguish¬ 
ed from all other well-known pcyctodontids (i.e. those 


known from most of the dermal armour) except 
Ctenurella and Chelyophorus, in lacking a spinal plate. 
It is distinguished From Ctenurella by several features 
noted above under “Remarks” for Ctenurella gladba¬ 
chensis. 

Austroptyctodus gardineri 
Miles et Young, 1977 

Ctenurella gardineri Miles et Young, 1977. - Denison 
1978: 29. — hong 1984a; fig. 171 - !-■ — Forey &: 
Gardiner 1986; fig. 2. - hong 1991: 366, fig. 201, 
377. 

HoLOTYPE. — WAM 70.4.253, previously described 
and figured by Miles & Young (1977, pi. 2D, E, 
pi. 3B, pi. 4B) with the provisional Natural History’ 
Museum number for the specimen (P.57637). 

Other material. — NHM, London: P50906, 
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Fig. 26, — Comparison between the reconstructed head shields in dorsal view: A, Ausiroplyclodus gardineri (Miles et Young, 1977) 
n.g.; B, Ctenurella gladbachensis Orvig, 1960; C. Rhynchodus tetrodon (after the Holotype); D, Campbeiiodus decipiens Miles e! 
Young 1977. Ce„ central plate: Nu, nuchal plate (posterior element); P, pineal plate, or space provided for it in the head shield; 
PNu, paranuchal plate; PRO. preorbital plate; PTO, postorbital plate. 


P50908, P50909, P50910, P57654, P57655; WAM 
86.9.662. 

Description 

The new Gogo specimen of Austroptyctodus gar- 
dineri (WAM 86.9.662, Figs 27-29) was collec- 
red by the author in August 1986. It is an almost 
complete specimen preserved as Far posteriorly as 
approximately the middle of the main dorsal fin. 
It has been prepared by the resin transfer method 
for both part and counterpart. As Miles & Young 
(1977) have already described in detail most of 
the dermal skeleton in this form, the following 
description focuses only on new information, 


and provides new reconstructions for the dermal 
skull roof and visceral skeleton, and external 
armour in lateral view. 

Skull roof and cheek 

The skull roof was not reconstructed by Miles & 
Young (1977, 157) as they stated that “several 
problems were encountered in attempting to 
reconstruct the skull-roof from the accurately 
known shape of individual bones”. The new 
knowledge of the skull roof of Qctmpbelladm pre¬ 
sented above shows there is nor a close fit bet¬ 
ween all skull roof bones. Earlier, inaccurate 
reconstructions of the skull roof of A. gardineri 
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Fig 27 — Austroptyctodus gardineri (Miles ef Young, 1977) n.g WAM 86 9 662, showing both sides of specimen embedded in 
resin, whitened with ammonium chloride. Natural size. 
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Fig. 28. — Austroptyctodus gardineri (Miles et Young, 1977) n.g. WAM 86.9.662, showing details of internal ossifications of the head 
and part of right side of trunk shield. Whitened with ammonium chloride. See figure 29 for scale. 
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Fig. 29. — Austroptyctodus gardineri n.g. (Miles el Young, 1977). WAM 86.9.662, sketch interpretation (see figure 27). ADL, anterior 
dorsolateral plate; AL, anterior lateral plate: AMV, anterior median ventral plate; Art, articular; Aut, autopalatine; Ep, epibranchials: 
eth.oss, ethmoid ossification of sndocranium: Hym, tiyomandibular; IH, Interhyal element; M, marginal plate: MD. MD1,2, 3, median 
dorsal plate(s) or spines; m.ros.cart., median rostral ossification; Nu, nuchal plate (postenor element); Occ.oss, occipital ossifica¬ 
tion of endocranium; op.car opercular cartilage; orb.oss, orbital ossification of endocranium; PNu, paranucha! plate; PRO, pre¬ 
orbital plate; Qd, quadrate: sc. scales; SM, submarginal plate; u.tpl, upper tooth plate; vis, "visceral skeleton elements?”. 
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were given by Long (1984a, 1991), made by fit¬ 
ting these bones together from sketches. When 
the bones of one individual are accural ely assem¬ 
bled (e.g. P57637, WAM 86-9.662), the skull 
roof closely resembles that of Campbellodus in 
having a median gap between the preorbitals. 
The pineal plate t.s actually smaller than the 
notch as defined, for it by die associated preorbi¬ 
tal plates (Fig. 26A), as noted by Miles & Young 
(1977). The visceral surface of the skull roof 
shows only weak development of the supraorhi- 
tal vault, without .substantial development of an 
inwardly projecting lamina front the orbital rint, 
as seen in Campbellodus. 

The marginal and sub marginal plates were well 
described by Miles & Young (1977). There is no 
evidence ol a smaller postmarginal bone, as sug¬ 
gested to be present in Ctenurella gardineri by 
0rvig (1970, although this observation is not 
confirmed by the present study). 

Visceral skeleton 

As discussed above for Campbellodus, the evidence 
from specimens of Ctenurella gladbachensts sug¬ 
gests that the hyoid arch was well-ossified with 
an expanded interhyal element posteriorly exten¬ 
ded to provide an extra attachment region for a 
flexible opercular membrane. This element was 
identified as the “ceratohyal" by Forey & 
Gardiner (1986), and is here shown in various 
views (Fig. 30). It has two articular heads 
proximally where it meets the articular and the 
hyomandibular dorsally (as in Ctenurella , 
Fig. 25). The broad, inwardly curved ceratohyal 
which is found in Campbellodus has not been 
positively identified in the Austroptyrtodus mate¬ 
rial. It was probably not preserved in WAM 
86.9.662 as the anterior region of the head is 
missing, including the lower tooth plates. 
Opercular cartilage and hyomandibular. 
(op.cax; Fig. 29) It is found on the inside of the 
head of the submarginal as in all other placo- 
derms where it is preserved (see Young 1986, for 
a review of the distribution ol this structure). 
This structure was identified in Austroptyrtodus 
by Forey & Gardiner (1986, fig. 1B) as the hyo- 
mandibulat, and restored as having an enclosed, 
tubular bead. In Campbellodus, the correspond¬ 
ing ossification is broader, with an extensive 


ventral lamina. There is no evidence that it w r as 
an elongate element, and a large cartilage struc¬ 
ture that acted as the flexible gill-cover has been 
restored (Fig. 6). WAM 86.9.662 gives further 
support for interpreting this as an opercular car¬ 
tilage rather than as an epihyal, as the hyomandi¬ 
bular is seen in situ, lying immediarely dorsal to 
the quadrate (Hynt; Figs 28, 29). The proximal 
head of the hyomandibular is nor preserved but 
it terminates in close proximity ventral to the 
Opercular cartilage, presumably meeting the 
anterior postorbital process of the braincase (a 
perichondral shell inside the marginal plate), just 
forward of the centre of the orbital cavity, as it 
does in lirindabellaspis (Young 1980). 

Endocranium 

Endocranial ossifications in ptyctodondds were 
first noted by Eichwald (1859, pk 57, fig. l) in a 
well-preserved specimen of Chelyophonts verneui- 
li, in which two pairs of roughly circular ossifica¬ 
tions were found in the articulated head, below 
the occipital region and underneath the orbits. 
This specimen has now been acid ptepared to 
confirm the placement of rhese ossifications 
(Dr. A. Ivanov, pers. comm. 1995). 0rvig (1962, 
1971) observed perichondtally ossified laminae 
in the orbitals regions of the Bergisch-Gladbach 
Ctenurella specimens, and Miles (1967: 105a) 
confirmed the presence- of a .small semi-circular 
bone in rhe orbital region of Hhamphadopsis , pre¬ 
viously alluded to by Watson (1938). 

Miles Sc Young (1977) gave the first derailed des¬ 
cription of the endocranial components of ptyc- 
todontids based on the Gogo specimens of 
Austroptyctodus. They identified at least three 
pairs of perichondrally-ossified bones which they 
termed (1) the occipital ossification, (2) the orbi¬ 
tal ossification, and (3) the ethmoid ossification. 
Although various foramina were described on 
these ossifications, their outlines were not com¬ 
pletely clear and so they were only given approxi¬ 
mate correlations with the landmark foramina 
known on the braincases of other placodcrms. 
They further stated that the exact arrangement 
and relationship of these endocranial ossifica¬ 
tions within the articulated head were not clear 
at all. The new specimen described here gives 
more precise information on the morphology. 


544 


GEODIVERSITAS • 1997 • 19 (3) 



Ptyclodontid fishes from the Late Devonian Gogo Formation 




Fig. 30. — Austrvptyctodus gardineri (Miles e/Young, 1977) n g. 
WAM 86.9.662, right interhyal bone; A. C, lateral views; B, dor¬ 
sal view, art, articulation facets for hyomandibular; art.hym, arti¬ 
culation for hyomandibular: gr. groove. 




1 cm 


Fig. 31. — Cholyophorus verneuili Agassiz, 1844. Articulated 
specimen, redawn after plate 57, fig. 1 of Eichwald (1859). 
A, head shield in dorsal view; B, head in ventral view showing 
orbital and occipital ossifications of braincase; C, head shield in 
left lateral view; D. posterior view of head showing glenoid 
condyles of bratnensn and articular flange of parnniJcha! plates, 
art con articular condyle or fact* on ADL plate; lor, meg. fora¬ 
men magnum of eodocranlum; glen, glenoid condyle of endo- 
cranium; M, marginal plain, occ.os®, occipital ossification of 
endocranium: orb.otss,. erbiral ossification of endocranium; 
P, pineal plato or r.pnca provided for it in tha head shield;, 
PNu, paranuchal plate; PrO, preorbital plate. 


position and contact relationships of these- ele¬ 
ments and can be corroborated by new observa¬ 
tions on the endocranial ossifications examined 
in both Chelyophorus verneuili and Ctenurelht 
glndbdehensis. Recently prepared material of a 
new genus- of ptyctodontid from the Late 
Devonian Gneudna Formation of Western 
Australia also shows the occipital and orbital 
ossifications perfectly preserved in 3-dimen.sional 
form, corroborating the foramina and morpho¬ 
logical features with those preserved in other 
ptyctodontids. 

Three paired ossifications of the endocranium of 
Austroptyctoilus are preserved in WAM 86.9.662 
(occ.oss, orb.oss, ech.oss; Figs 28, 29), all in close 
association and only displaced slightly from arti¬ 
culated position, as supported by the close arti¬ 
culation of the other neighbouring dermal 
bones. A fourth pair of bones lies dorsal to tlie 
palatoquadrate which precede the nasal capsules. 
These have been labelled as “meLapterygoids” in 
previous descriptions. There arc aLso perichon¬ 
dral conical shells of bone attached to the inside 
wall of the marginal plate that contacted the 
orbital ossifications laterally. These arc here assu¬ 
med to have housed the posterior postorbital 
process, as for other placodcrms (Young 1979, 
1980, 1986; Lelievre 1995). 

The presumed position of the posterior three of 
these paired endocranial ossifications, with rela¬ 
tion to the dermal exocranium, was proposed by 
Miles & Young (1977, fig. 22) who correctly 
positioned the occipital bones but restored the 
orbitals as oriented with their flat lamina vertic¬ 
ally. They did not attempt to place the ethmoid 
ossification in relation to the skull roof, but 
noted that its large anterior articulation facet was 
most likely an articulation to the autopalatine, as 
also pointed out by Young (1986). Evidence 
from the new specimen (Fig. 28) shows att align¬ 
ment of the occipital, orbital and ethmoid bones, 
each part only slightly displaced from its anti- 
mere, The assumed fit of these bones is in line 
forming the ventral wall of the endocranium, as 
shown by Chelyophorus verneuili (Fig. 31, 
redrawn from Eichwald 1859) -and in several spe¬ 
cimens of Ctenurelln ghulbachensis in which the 
paired orbital ossifications remain articulated 
mesially, usually found in close proximity to the 
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orbits (as it also occurs in the holotype of 
Austroplyclodm , WAM 70.4.253). Other speci¬ 
mens of this species show the ethmoid articula¬ 
tion in the anterovenlral corner of the orbit, 
closely associated with the autopalatine and 
inetapterygoid, and with the head of the stibmar- 
ginal bone snuggled into a depression immedia¬ 
tely behind its large articulatory facet. Thus, 
from these various specimens it is now possible 
to redescribe and accurately reconstruct the 
endocranium in Austroptryctodm , and to discuss 
the homology of parts of its structure to that in 
other placoderms. 

Occipital ossification 

1 he occipital ossification was well described by 
Miles & Young (1977, fig. 20), although the 
margins of their specimen were not well- 
preserved enough to show its complete shape. In 
Austroptyctodm (WAM 86.9.662), as well as in 
Cbelyophorus and in the new Gneudna ptycto- 
dontid, the occipital ossifications are well- 
preserved and show their complete outlines. The 
material largely supports the reconstructions of 
Miles & YoUitg (1977), showing that the ventral 
lamina of this bone possessed a large groove 
(gr, dla; Fig. 32C) that presumably carried the 
dorsolateral aorta, with each side carrying the 
groove anrerolaterally away from the glenoid 
condyles. In lateral view (Fig. 32A), there are 
three large foramina visible arid the outer dama¬ 
ged part of the ascending occipital process 
(pr.oc; Fig. 32 A) reveals thai there was a hollow 
tube in the outer wall of the ossification, proba¬ 
bly opening in the position where Miles & 
Young (1977, fig. 20C) observed a slit in the 
endocranial wall. The anterior two of these large 
foramina in the lateral wall of the nccipiral ossifi¬ 
cation (Fig. 32A, B, for 2, 3) were tentatively 
identified as for the vagus and glossopharnygeal 
nerves by Miles &C Young. This interpretation 
would seem correct by comparison with the fora¬ 
mina found in the .similar region of lateral endo¬ 
cranial wall occupied by other known 
placoderms (e.g. BrindabcllaspU, Young 1980; 
Dicksonosteus , Goujet 1984a; Marrnpeta/ichthys, 
as reinterpreted by Young 1986). There is also a 
large ventral slit containing,) foramen Literal to the 
glenoid process (Fig. 32A, for), also recognised by 


Miles & Young (1977, fig. 20, cl, si). As this 
opening is posteriorly directed and not confluent 
with the pathway for the dorsolateral aorta, it 
may possibly represent the path of the occipital 




Fig 32. — AUsttopiyul,iidu& gdrdttieri {.Mites et Young, 19771 n.g. 
WAM 86.9.662, A, B, right occipital ossifealion of braincase; 
A. mesial view; B, lateral view, C, reconstruction at posterior 
view of braincase for, lor 1.2. 3 loramen or identilied series of 
foramina : for.mag. foramen magnum o' enaocranium: glen, gle¬ 
noid condyle of endocranium: gr.dia, groove for one branch of 
the dorsolateral aorta: pr.oc, ascending occipital process of 
oramcase. 
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artery (also located in this position in 
Brindabellaspis, Young 1980, figs 7, 8). 

Orbital ossification 

The orbital ossification figured by Miles & 
Young (1977) was interpreted on the basis of its 
presumed orientation. They restored it as lying 
vertically behind the orbital cavity based on one 
specimen (P50908), with the -structure interpre¬ 
ted as the attachment for an eyestalk located far 
posterior of the.eyeball. The- foramina for trans¬ 
mitting vessels or nerves were thus seen passing 
from within the braincase to the orbital cavity. 
Specimens of Ctmurclla gladbachcmU show that 
the orbital ossifications are always joined mesially 
and lie within the orbit, implying that they may 
have been positioned horizontally in life, thus 
forming the ventral wall of the orbital cavity. 
This interpretation is further supported by 
EichwaldV (1859) figured articulated specimen 
of Chclyophurus vernniili, which shows in ventral 
view the paired occipital ossifications in situ 
(Fig. 31), with one of the paired orbital ossifica¬ 
tions laying, just anreriojf to rhese. An excellent 
specimen of an orbital ossification of 
Chelyopborm vcrncnili in the MN1IN collections 
has been freed from the marrix and i v s figured 
here alongside those of the Austmptyctodm speci¬ 
mens (Fig. 33C, D) to illustrate further the mor¬ 
phology of this bone. Additional evidence for the 
horizontal position of die orbital ossification is 
provided by the extensive mesial lamina of the 
marginal plate in both Gogo ptyctodontids, in 
which an extensive dorsal lamina is developed, 
and which still hears its connection in the orbital 
ossification in the holnrype specimen of Austro- 
ptyrtodus gardineri. 

I have restored the orbital ossifications as being 
oriented transversely and longitudinally below the 
orbit, in mesial contact with each odicr, connected 
by cartilage to the dorsal, mesially directed shelf 
above the perichondral cone, fox the posterior 
postorbital process of the endocranium (Fig. 34). 
This is based on several pieces of evidence: 

1. Their position in the articulated specimen 
WAM 86.9.662 (orb.os.s; Figs 28, 29) in which 
the paired orbital ossifications lay very close to 
each other, a short distance anterior to the paired 
occipital ossifications (seen in ventral view) and 


in close proximity to the ethmoid ossification, 

2. In the holorype of Anstropyctadus gardineri the 
orbital ossification is articulated with the mesial 
perichondral process of the marginal plate, sug¬ 
gesting horizontal -aligment as the mesial lamina 
of the marginal is horizontal in life position. 

3. The tact that they arc joined mesially in some 
specimens of Ciermrclla gLidbachensis. 

4. The fact that the articulated, uncrushcd speci¬ 
men of Cbelynphnrns vcrncnili shows the horizon¬ 
tal position of fhe orbital ossifications in 
continuity with the horizontal laminae of the 
occipital ossifications (see Fig. 31). 

The orbital ossifications are .seen to lie in the 
transverse plane forming the central division of 
the ventral endocranial wall, most of which 
forms the extensive subocular shelf The dorsally 
elevated process on the lateral margin of the 
orbital ossification is most likely an eyestalk 
attachment, situated more to the antcromcsial 
part of the orbit, as it is in other placoderms (e.g. 
Buchanosteus, Brinda hr Hasp is. Young 1986). 

A large robust articulation, lying to the antero¬ 
lateral corner of the orbital ossification, can be 
interpreted as a strong cartilaginous connection 
to the perichondral, thickening on the visceral 
surface of rhe marginal plate, thus bracing the 
latent! wall of the endocranium with the margi¬ 
nal plate. In this respect it is most possibly an 
homologue of the posterior postorbital process of 
other placoderms, which abuts the marginal 
plate in arthrodircs (Buchanosteus, Young 1979). 
It appears to be too posteriorly situated either for 
rhe opercular cartilage or lor hyomandibular arti¬ 
culation to the braincase, which are located adja¬ 
cent to the ethmoid ossification and can be seen 
by the anterior position of the head of the sub- 
marginal plate with respect ro rhe orbit on arti¬ 
culated specimens of both Ctenurella gladba- 
chensis and A astroptyctodus gardineri. 

T he two foramina piercing the orbital ossifica¬ 
tion are small in comparison with those for the 
major nerves in placoderms, and do not pass 
from tile brain cavity, but from the ventral sur¬ 
face of the endocranium into the orbital region. 
These foramina arc clearly seen in the isolated 
orbital ossification of Chclyophortis vcrncnili 
(Fig. 33C, D) hut they are so .small in the Gogo 
specimen that they tend to be obscured by the 
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consolidating glue and are seen as depressions 
(Fig. 33). Thus, only one large canal is seen 
penetrating the bone near the eyestalk attach¬ 
ment in the Gogo specimen, and this is possibly 
the canal for the orbital artery (orb.a; Fig. 33). A 
larger canal more posteriorly situated on the 
orbital ossification of Chelyophorus , emerging 
from a well-defined pit on the dorsal surface 
(orbital cavity), is most likely for the internal 
carotid artery emerging from the ventral myo- 


dome (i.ear, v.my; Fig. 33C, D) which in 
Dicksonosteus (Goujet 1984a) and Briridabcllaspis 
(Young 1980) runs up through the subocular 
shelf and into the ventral myodome for the eye 
muscles. Other smaller foramina which do not 
seem to penetrate through the ossification may 
be vascular supply canals for the interperichon¬ 
drium. 

There are two well defined notches embayed into 
the lateral margins of the orbital ossifications in 



Fig. 33. — Austroptyctodus gardinen n.g. (Miles et Young 1977}. WAM 86.9.662. orbital ossifications of braincase. A. paired units 
as preserved (see figures 27, 28 for position with respect lo rest ol specimen); B detail of left orbtlai ossification in ventral view. C, 
D, Chelyophorus verneuili Agassi 2 , 1844., MNHN specimen, Agassiz type collection (unnumbered, Collection of Verneuil, Laborfitoire 
de Paleonlologie, MNHN): left orbital ossification, C. ventral view; D, dorsal view. ant. anterior direction; ar.Eth, articulation tor eth¬ 
moid ossification; ar.M, articulation for marginal plate; ar.Occ. articulation for occipital ossification; es, eyostalk attachment; gr, groo¬ 
ve; Lear, internal carotid foramen, n. notch orb.a, loramen tor orbital artery; p.ppr. possible homologue ol the posterior postorbital 
process of endocranium; soc.sh, subocular shelf; v.my, ventral myodome. 
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both Gogoptyctodus and Cbelyophorus (gr, n; 
Fig. 33). As rhese are considerably larger than the 
arterial foramina, the largest of these, situated 
posterior to the eyestalk and internal carotid 
foramen, is possibly for the pituitary vein. 

Ethmoid ossification 

The ethmoid ossification has been well-described 
by Miles & Young (1977), but was not restored 
in relation to the rest of the endocranium and 
jaw suspensory mechanism. The new material 
adds nothing new to the description of the eth¬ 
moid ossification, as no isolated ethmoid ossifi¬ 
cations have yet been recovered from the Russian 
material or the new Gneudna specimens. Jt 
should be noted that 0rvig (1962) restored the 
ethmoid ossification in C. gladbachemis with a 
large anteriorly fating articulatory facet for the 
palatoquadrate, and labelled it as the “metaptery¬ 
goid”. It seems likely that the large anterior facets 
on the ethmoid faced anterolaterally, as suggested 
by Miles & Young, to articulate with the articu¬ 
latory facets on the autopalatine, the midlines of 
the ethmoid ossifications meeting medially held 
by cartilage. 

Nasal ossification 

Observation of the Bergisch-Gladbach material of 
Ctenurella gladbachemis and of Austroptyctodus 
gardineri shows that the ethmoid ossification is 
always preserved in a position ventral to the 
“meiaprerygoids’’ of the palatoquadrate. In the 
holotype of Austroptyctodus (Miles & Young 
] 977; Fig. 23) the right “nietapicrygoid” is sepa¬ 
rated from the autopalatine and rests immediately 
dorsal to the ethmoid ossificarion, which clearly 
separates this ossification from the upper jaw ossi¬ 
fications. This leads me to propose that the 
“metapterygoid" has been misinterpreted and is 
actually not part of the upper jaw apparatus but 
could represent a paired nasal ossification partly 
enclosing the nasal capsules. These bones sit ante¬ 
rior to the orbits directly dorsal to the upper jaw 
ossifications (nas.oss; Fig. 35), in a position 
appropriate for the external nates by comparison 
with other placoderms. The shape of the ossifica¬ 
tion as described for Austroptyctodus by Miles & 
Young (1977, fig. '26) shows that the lateral face is 
concave and would have been able to support the 


olfactory bulb, in a way similar to the preorbita! 
recess of antiarchs, immediately anterior to rhe 
orbit. The presence of paired nasal ossifications is 
known in arthrodires as cribrosal bones, clearly 
seen in many of the Gogo eubrachythoracids (e.g. 
Eastmanosteus , Dcmiis-Bryun 1987; ljttocamttrus , 
Long 1988c; plounlosteids, see Gardiner & Miles 
1990). There is a groove and a ridge developed 
on the mesial side of the bone, noted by Miles & 
Young (1977c 176) as possibly being for attach¬ 
ment to the endocranium. The well-defined 
groove which runs dorsally and anteriorly above 
the cavity for the nasal capsule is possibly for a 
terminalis nerve, which has been identified mesial 
to the nasal capsules in the arthrodire 
Latocarnurus (Long 1988c). The nasal ossifica¬ 
tions had well-developed posterodorsal processes 
(Miles & Young 1977, “prmpt” fig. 26) which 
may have mesially been joined by ligaments. The 
function of this unusual process on the nasal ossi¬ 
fications could have been as an attachment region 
for the median rostral cartilage (m.ros.carc, 
Fig. 28), an ossification present in some 
ptyctodontids bnt absent in all other placoderms. 

Reconstruction of the endocranium 
A reconstruction of the endocranium in ptycto¬ 
dontids was given by Miles & Young (1977, 
fig. 22) based on the available specimens of 
Austroptyctodus gardineri. In light of the new 
material and the evidence from new' observations 
on the articulated position of braincasc ossifica¬ 
tions in both Chelyophorus and Ctenurella., it is 
now possible to provided new sketch reconstruc¬ 
tion of the ptyctodontid endocranium (Fig. 34). 
The position of the occipital ossifications is clear 
as the glenoid processes are always aligned with 
horizontal long axes, as correctly restored by 
Miles & Young (1977, fig. 22B, and shown here 
Fig. 32C), as it also occurs in the articulated spe¬ 
cimen of Chelyophorus (Fig. 31). That the paired 
orbital ossifications lie in the horizontal plane 
below the orbit has been argued above from evi¬ 
dence seen in uncuished articulated specimen of 
Chelyophorus, plus observations on the Gogo and 
Bcrgisch-Gladbach specimens. The relative sizes 
of the occipital, orbital, ethmoid and nasal ossifi¬ 
cations in relation co rhe skull tool are clearly 
seen from WAM 96.9.662, upon which the dor- 
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sal view outline reconstruction of the endo- 
cranium was largely based. The position of the 
ethmoid ossifications immediately anterior to the 
orbital ossifications and articulating with the 
palatoquadrate is also based on observations of 
Ctenurella and of the WAM 86.9.662 specimen 
of Austroptyctoclus. Finally, the position of the 
paired nasal ossifications, anterior to the ethmoid 
ossifications and sitting above the palato- 
quadrate and behind the inferred position of the 
nares, is a new interpretation based on observa¬ 
tions of several specimens of articulated 
Ctenurella and Austroptyctodus. 


The braincase of ptyctodonrids,. as restored 
herein, is unique amongst placoderms in compris¬ 
ing at least four paired perichondral components, 
forming a solid floor to the endocranium but 
lacking any dorsal ossification.. Furthermore it is 
unlike any other placoderm in having a median 
suture running down its midline where opposite 
sides of the paired ossifications are ioined by car¬ 
tilage. The rounded shape of the orbital ossifica¬ 
tions implies that a space exists anterior to the 
mesial connection betwen these units and the 
ethmoid ossifications immediately anterior to 
them. This could be for a ventral hypophysial 



Fig. 34. — Attempted reconstruction of the endocranium in dorsal view (shaded) of Austroptyctodus gardirteri (Miles ef Young, 1977) 
n.g., based largely on WAM 86.9.662. Outline of skull roof bones shown as transparent, es, eyestalk attachment; eth.oss, ethmoid 
ossification of endocranium; glen, glenoid condyle of endocranium; nas.cap, nasal capsule; nas.oss, nasal ossification of endocra¬ 
nium; occ.oss, occipital ossification of endocranium; or.oss, orbital ossification of endocranium. 


550 


GEODIVERSITAS • 1997 • 19(3) 



Ptyctodontid fishes from the Late Devonian Gogo Formation 


opening. There is no parasphenoid ossification as ventral overlapped region. The external orna- 
in arthrodires, phyllolepids and in the acantho- mentation is a very fine reticulate pattern, 
thoracid Kosonispis. 

Figure 35 provides a revised reconstruction for 

rhe dermal exoskelcton and visceral skeleton, as SUMMARY AND CONCLUSIONS 
known fo r A ustrnptyctodus gardifieri. 

Dermal scales 1. The genus Campbellodus decipens Miles et 

Thin scales covered the tail of Austroptyctodus Young is redescribed from a Complete new speci- 
gardineri, as preserved in WAM 86.9.662 (sc; men, showing it to have three median dorsal 
Figs 27-29). They closely resemble those of plates, a dermal Scale cover and well-ossified 
Campbellodus in overall form, being boomerang- anterior gill arch series. The skull roof shows that 
shaped, much higher than long in the articulated the preorbitals plates did not suture in the mid- 
squamation, with a dorsal external lamina and a line, as it is now known to occur in some other 



Art IH Ep 


Fig. 35. — Attempted reconstruction of the dermal exoskeleton and visceral endoskelton of Austroptyctodus gardinori n.g. (Miles e/ 
Young, 1977), based largely on WAM 86.9.662 and on the holotype, WAM 70.4.253. ADL, anterior dorsolateral plate; AL, anterior 
lateral plate; Art, articular Aut, Autopalatine, ba 8, ba p. anterior arid posterior basals plates; BH, basihyal; Ce. central plate, CH, 
ceratohyal; Ep. epibranchials; Hym, hyomandibular; IH, interhyal element: IL. interolatoral plate; l.tpl. lower tooth plate; M, marginal 
plate; MO, MD1, 2, 3, median dorsal plate(s) or spines; nas.oss, nasal ossification of endocramum; neur neurals arches; 
Nu. nuchal pl3i« (posterior element); orb, orbit; PNu, paranuchat plate; PRO, preorbital plate; PTO, postorbifal plafe; Qd, quadrate; 
ros.car, rostral cartilages (paired); SM, submarginal plate; u.tpl, upper tooth plate. 
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ptyctodontids (e.g, Austroptyctodus n.g., 
Rhynchodus tetrudon). 

2. T he large, posteroventtally directed gill arcli 
bones that lie immediately behind the jaw articu¬ 
lation in ptyctodontids had previously been 
interpreted as “ceratohyals” in C.tenurella and in 
the Gogo form Austroptyctodus , New evidence 
front Campbellodus and Austroptyctodus n.g. sug¬ 
gests that these arc modified intcrhyal elements 
and that the ceratohyals arc large, deep bones, as 
occur in Campbellodus. 

3. Revision of some Bergisch-Gladbach speci¬ 
mens of Ctenurella gltidbaeheusis 0rvig, I960 
shows that the skull root had been incorrectly 
restored, and that the centrals do in fact nicer 
each other behind the nuchal plate. A revised 
diagnosis of the genus is given. 

4. “ Ctenurelld ' gardineri Miles et Young, 1977 is 
shown to differ from Ctenurella gladbachcnsis in 
the arrangement of skull roof bones and body 
squantation, and is here referred to a new genus, 
Austroptyctodusgardineri n.g. 

5. The braincase in ptyctodontids is interpreted 
to comprise at least four paired perichondral 
ossifications, the occipital, orbital, ethmoid and 
nasal units. The latter was previously identified 
as being the “metapterygoid”. Perichondral units 
attached to the inside of the marginal plate may 
have housed the posterior postorbital process of 
the endocranium, as in other placoderms. 
Ptyctodontids apparently lacked a parasphenoid. 
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